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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve ohmic 
characteristic by forming, in a p-side electrode, a contact 
layer which includes silver, in contact with a layer made 
of p-type nitride semiconductor and forming a layer 
made of tungsten on the contact layer. 
SOLUTION: A p-side electrode is constituted of a light 
transmitting electrode and a bonding pad section. More 
specifically, a block layer 13 comprising at least Si02 is 
selectively formed on a p-type GaN contact layer 9 and 
then a light transmitting electrode stacked with a first 
metal layer 10, second metal layer 11, and tungsten 
layer 12 is formed on the rest of the surface, As the first 
metal layer 10, silver is preferably used. As the second 
metal layer 11, gold is preferably used. By using either 

silver or a mixture of silver and gold for contact metal to be brought into contact with the p 
type contact layer 9, an ohmic contact with the p-type contact layer 9 can be improved. 
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mmmcrMM] 

t. 

n womMm^mm* h^hmzcnmt. 
mam 1 «st«M L-cstt t>taz. P f jkh t . 

(Ag) 2r#*-rs3>^? hst . frta^^? mi 
tola*— hJits, 

i ) j*&fc4«*#«£fc*i$Rfc^4if*JSi **: 

[11*114] P ffl«ffiflS^iNWIo6»fe!Sr&fl5l«« 
b. 

n m^>sm^¥3*#^ 6 & h m 2 c^a t . 
mm i ojitz&fti lt&h- p f jMffit . 

Uia^2^il^ffiMLTfStt^iX3t nMW&b , 
(Hf ) , T/P5-^ (A 1 ) 

(Ti ) co^-ffrfr^&ay?? bmt , striae ^ 
7Vmv>±.\,zWittbixtz?>'?x'fy (w) j&^&sa 

vrmt. m&vjTm<7>±.izmtt>ti£i& (au > 

LSUa s 1 0 0 n mjaTfaWtf)*^* "3 . 
HtW»Vrf £ t ^St •f-SlfsRH 1 ~4 

[ m&m 6 ] Miam 2 t± , ni^n-^hiM 

LmW-tf l 0 0 n mjeiTollBScoJB**^* 0 . 
SMI3Rj*¥Wfla&> =5: £ d i: £=f#iic b ■? 4 fl*ffl 1 - 5 

[ if utm 7 ] Miem i cdjh t itftaig 2 nmeryjvtt <ti> 
v v^tu^i, mrfama t ®M-r s fas KEiertfsw ^ti 
fzzt zmi t -ttn&R 1 ~ 6 cr>\ vftifr 1 ot-iaw 



mmmtmmmzmmhxmwz-v>r)i> ind 

«n aas* ««r ia p mm^mmiz Pi^^^h mss 
nmm 1 0 ] niwiftwifA^^s niit 

pS^SHfcBflMPWHc^fe** Pitt **^-*SW* 
mimmifccomtZ n SS«*ffit n W r? >- ^ ^ h 9MM 

^mm-6JMb. 

BtriawMfr^fria p sa^^ffitc Pi^^^h mffiM 
STutt^x^^-r^iPHM^-cinam 1 ^sjkj; 0 1 

[ft*Jii 1 ] mmnm^y^^ hwmmiz. 

A(Hf ) , T/kS-^A (A 1 ) RTf-f-^y (Ti ) 

<n\^frfr^&zb*nmb^&mmi otaao^ 
[tiwtai 2] mip\m>?7 is (a 

g) *^^-&&g>$.td<&=-vdr)V (N i ) ^OV^-rtl* 1 

CflKtJSl 3 ] Mia P H3>^^ b«ffi«<7)±tc^JiII£ 
K**^L^»HM^v^Tmia®*tt««M^^ 

[0001] 

I±CGaN, InGaN, GaAlN^if^ittS 
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[0002] 

[0003]^fe. *Kfc*SWC ra-fLfe^*2»#:j t 
(2. B x In y Al z Ga ( i- K - y -j)N (OSx^L 0g 
ySl, OSzSl ) «0III-Vi^£tt¥SWfcfr* 
3S>t, V®OT*t LTJ3\ NtcjniTUy (P) 

^« (As ) ^£-£#*^£}F CB H H t#t?t^t-£ 0 
[0004] ffi^f^¥#*^fflV^^^W ^- F 

(led) ^mw\^-^£ }£<nmm^^m-th z 
[0005] jar, utMm^ffl^f^fMf 

[0006)1811 SMBBiaMtMWkSfflv^fcfie*^ 

T*Kl 0 1«±K S GaN^'v^rJi (H^-T) s 
nlGaNfl 0 2i:pKGaNJIl 0 6^aU3cSS 
pIGaNll 0 gP^'x -y ^y^*$ftT 
n^GaNJll 0 2iffi$£&ttX\ih « plGaN|6 

cotiziipMrnmrnm (Au > 121. t P (M>f^ 
fjMBj«ffii 2 1 fcfg^$^PiiM>x> >?"mmi 

2 3 (Ti/Au) §^CnlGaNl± 
CnHS12 2 (Al/Au) £JFM§tlT^£o 
[0007] 08<?D?&3lfc5M ^-Ffc&WCJi, pflK 

ft^^asnfeTOKiawttiOAv 1 2 ltss 

fa£Ttl£J£tf6*U plGaNH06KnlGaN 
Jgl 0 2K«a»*gEA;5;h.T$ft3EU ^fHttiiWra* 
12 1 fc^LTf-vTW^KOfflSftS. 
[0008] 

?t i a ^^a^ffiflaiaMNwwi. mffit -y 

c^m^mtc^ 0 > ^ cojs*»^ £>:*- s >y ^wkow 
mmmx$> h 1 1 ^ ran^ & -t . 

[0009] 4fc, 2ft9fe%¥aHlcti;* flsWSr^i «y 
[0010] ^WMl±. 3*«ffc*»T$rS*L 

fcfeco-c, *eos«ii. RffSrsi— s-y^wtt**^.^ 



[0011] 

2 <db t , irisffi 1 comtzimLxm-r ^titz P mmm 

mz. vtRpommt. mmm 1 nmtzim txmi-t> 
tt. m (Ag) mtsa^^Mt, tuiBn^^ 

? h9e>±.tefflft>tLlz?>?'x-fy (w) a^SrfcJf 

[0012] zzx\ mzfyf^r-y (w) a^&s 
[ooi3]?gc, mria^tt««M«±tlS(t^ix 

( N i ) a»£,$r4»fcir*-4£4: tei 0 . 

[0014] ifcti. ^me^nmsa^Fii.. pi 

tt^tufepfflWSi: , Miam2«Jit3»MLTlS(t^ix 

fcnfiwsfc. B(rianffl!j«ffii±. Miami 

CcffiMLTlStt^tL. /N^-^A (Hf), T/FS-"^ 
A ( A 1 ) WJ&yy (T i ) COV^f**^^|.3y^ 

nit, Mia^y^^FJioiiciSit^n^^y^.x 
f>- (w) f)^£ht^)rm>. mv^JTmnnzWi. 

tft>ixrz& ( Au ) frti-fthtfyfiy? ■ r< y vm 

[0015] *^<7)M4 L^*Si^ffi#t LT. frIB 
mi<7)W4. pIWK- VN^F^^tiliPj&U 0 0 n 

W&t L. $ fee*- S -y ^ffiM^3$J«^.i» i t 

[0016] fl9IE^2«oJiti. nlw^-A-y 

f^wlsjj^i 0 0 nmixrcDmk^mfr^Zi: 1 ) . 

mrlB^^Sfi. JBjWSV ^(2»Sr 6 «WE^>SMt 

[0017] WiafS 1 <nmbwMW,2c?m<7y>^: 

< th^-ftiMt, madMmtmm-&mmizwatfm. 
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S4. 

[0018] ifcfci, *!6W<o¥»*563iami, 

fc » MiBt3^»*flS£8?M LTRWifc- -y T)V ( N 
i ) &$>%&Mk. Srlif^fc^ihL. SIW^ 
iPSMtttKfe-f, InGaAlP^InPS^l 

XM. k , ffisBmmfaco HrffE P gyjg«*l® K p ffliJ^ y 3? ? 
Mtt>T'^5!M-r-l»XSi;, Zffiz.tz Z. k SWStfc L . p 
[0020] ££13, *^BJ!«^#:%7fe«^»it^ 

5*{4 , n m<am&&mtofr ^niitp s^m 

m)IB«JS#;ofrlE n SJRogtffifc: n jffla y * 
? Mfi*B«t4Iii: . SI 1 coaKtev^TSKatt 
a-r* XSfc . MlfiWJf fl^WI a p SJKaaiHfc p «3 
y^? hSiflSr^SIii, ilTutt^'x^^r*^- 

4*- S -y i m 5 . 

[0021]^ *^£=0a* LV^HJfi^FJ«t t 

f ) , t^s-^a ( a i ) ms-f-?> (t i ) <?dv^ 

[0 0 22] DEpIa^ntSItt, iB 
(Ag) (Ni) 

[0023] 4fc, HUfEpffiJny?? hflSJIcoX^ 

[0024] ifcli. *^0J«*»#:^3t*^tOSje* 
ia^tt»Jg#:^±KA«3£f[» t> & 4 iS36ffi»WS 

3^tt#«M£«Wl^l>X*Ii:. ^fif^i^^fM 
t L, aftJftSR^NWftfcRft^^f , InGaAlPl^I 



[0025] 

commmm^^xmm-th, mat. *wmmi 
xh h . ^Wto&mtoffl&mt. *ryrA rmm. 1 

«±(;GaNA 7 7rl (EKHfr-f ) , nlGa NJg 
2, nlA 1 GaNrjy^^ MI 3 , nlGaNay^ 
?bJI4. nIG aNf5, pSGaNJf6. pIAI 
GaNay^ 1-JB7 , pfl nGaNny?? M 
8, pMGaNrjy?? r-Jf 9. ftfcflBl 

[0026] pflwsu, wmmmk *>t <r y^ ■ 

g9cD±t:{±. S i O&k'fr^&yvvrmi 3tf 
^tWKJBj£S:h., S0^I±W1 Sl« 
AJKJll 0/H2co^RJll l/^y/^fy (W) Jl 

[00 27 ] -?v»/?mi 3(i. ^f-f^ • ''W K 

[ 0 0 2 8 ] m 1 <?>£SJi 1 0 h LTJi. SE ( A g ) £ 
ffl^liit^liU^ 4^. |g2<73^JR« 1 1 1 LT 

a, i (Au) *ffl^iitj6*a4U\ mi 

<7)^JRS1 0t LTSMh^h^I-^ft2rfflV\ ^2^ 

c *^K*i^**r-wi'tiirt*^fc:(i, mi 

CO^MJII 0 k LX~>v"riV (N i ) SrfflV^ H2«^ 

mm^ntxh^K 

^* J is^§ti^«sg-c\ f^y (Ti)ii8, ^y 
/xfy (w)si9,#(Au)Ji20 £ zcoimzm 

(TDii 8iit%mm. ?y?xr-> <w) m 

1 9{&Ky TJB. # ( Au ) Jf 2 oiifyf^ y^Jii: 

[00 30] -^r. nlny^? hS4<50±fc(4, nflj 
WfcWBlftSiiT^*. -Tfti?^, (Hf) 

Bl 4/T^5-r>A (Al)Il 5/V>7-r>A (h 
f)I16/A(Au)fl 7ifiZ.<DWmztm%tl* 

S^t^ltd f^y(Ti)H8, ^y^'x^ 

y(W)I19,i(Au) W2 0££<*)JlteiiStLfc 
[00 3 1 ] lit, ( Au ) Jf 1 7(4, 

(h f ) vi ezumtz*^ v7it UT^ffl 

t5„ ^Nfft:^^ ( Au ) <?5jttW^rfSASRe<%» 
C,t(Au)U 7«JfJB4ifcttWW<jeja^-4ifc 
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[0032] *?>mi 814, Jf#Ht LTffffl 

^y^x^yjgi 9(4. vs'ur^t LT^ffl-r 

4. ^J12 0(4, >7-<T^i;S:*>-rV>-^'-r 

[0033]KL!t nfSM»g<7)»m{4. — WCSiS" 
5rv>. *WHfc*Jivcii, nlay?? FS4 tfifttrT 
A7^>)A (Hf ) s fj'ytTi) ifc 
(4T;P5-^A ( A 1 ) <7)^-r^X3&»-Cfe *) . -eco±tc^ 

y/xf>- (w) fr^&s^jTm&mf&ti. 

^0±fc& ( Au ) frtthtfV? A V? ■ >■<"/ F 

jh* *R i 1 6 fix v * * i t aw a fc § ft * . 

[0034] 5g3te»^<7)«B(4, s i OtipkKc&tilX 
]R2 2fc:J:>JWb*VO^. 

[0035] *$m<?8&m=?-\±. ja±KWLfcfluatc 

[0 0 36] *»^B(cJ:*ur. pI3 

>^^FJl9^«M^-S.3>^^F^JRi:L-C. *g. * 

iflfe«£M£¥#ttJI^y??F£-£*:ll# 

[0037] 4fc, *«BHfcJ:*ur, *^>n«fctSV* 
T , ng3^?b &JSBo_Ll:^ * U r m b LXCD ? y 

^fyi i 9 ^istts i b fc± o , ram^w* 

(4. a-ft3ft3R i f^WkWt>fc:ft X-th hplOF-A"yh 
co. SftMffl-^Hv^yF&.g.i^W r • tf>x>>- 

[0038] £*L|C*f LT. *f&HJ!#{4. nltlW^ 

fc L"C ±MLfz^y-VJ± (Hf ) . if-^y (Ti ) 
2.tt±YtV (Al ) ^Vvf*i.5&»£jH^fcj&-£ 

[0 0 3 9] $£,(c, *^0JCCJ:n{4'. iflfcfHlrSfc 
«fi£^M*^{4M^rl>fT^ : 5rTn-fex-C-ffM^-|> itt: 
i "9 , S 4>te*— 5 -y ^fgMSrH5»^S £ £ ^*C'# £ . 

112 {4. T&ffinm&^9B&tt&9X*&r7v 



JlJ&g-tS. #«tf5lSAi«JWi. mocvd 

(metal-organic chemical vapor deposition) , J\4 
F^^f FCVD. MBE (molecular beam depositio 

n ) & bemm^z x *) ft o ; t s, . 

[0040] iJtt, xfvrs2tSLfcJ:ot:, pI 

6 — 9£. MlR6*I^x-y^>'^'LTnMGaNJl4*ff 
tijSiirS,, ftflsB^te, PEP (photo-engrav 

ing process) fefcj: *)/^?— ^ >^L, R I E (react 
ive ion etching) =5ri:'cOX "/^y^Sfcli 9X -y f-y 

[004 1 ] ijCtC Xf 77*S 3 t^Lfc i d C nfilj 

ma^a^cD^y^^ Fgp^^fiJtt-s. m#;wt;{4. * 

[0042] iJtfc, X^-yTS4(C*L5t4: nffll 
(f , S»^"X»ffl^ 1 4itt3V^T8 0 0*CJ2Lk-C2 0^H 
[0043] JJCC, xf77S54aiS8tSU:j: 

»t=*i, n^mmm^^-yfv yr&&ziz* Dpi 
rjy^i? Fg9<?)±tc, mi^mmi o/^2cr>±m 
mi i/?y?x^y (w) hi 2%bitm<mm-t 
-g»o isico#MJii oi4. ascLfciatc, 

fficO^(C(4, ^(nWMt. 0. 5—1 OnmgJK 

**-^(c(4. ffic0it*(4. 1-2 0J^%*IJKi: L, ^« 
S^BMI^J|»Ji, 0. 5 — 10 nmWS.b'thZbft 

0. 5-5nmitl,;i;iilJ U\ 
[0 044] i<7)f&?)lSl4. pffl!J«ffi<7)««tCjiEt"C 
^FS=SrS. -t=5:*>^>, Xf 77S5(^UJ:3t, 

ZbtfZ'%&. 4fc, ^#Hm(4. 7kSfcS#fc<?)a 
fc -r S * t J&*T & . ^SRiO*^*** 4 0 . 1 % 
— 5%ejS««fflT2b4ii:j&fai4LV». T— — 

[0045] JJefc, Xf77S7(;^U l :j;3(:. 

y^ • ^°>y H**jertW*. Jl#^£{4, 
ft^XA-.y^y y^t'ti-jts f-^v (Ti ) m 

18. j'y/Xfy (W)fl9,i(Au)i20|- 
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[0 04 6]— X"r y7°S8i,Z7jkLt:Z.ot,z. ay 

muza. mmmmmtpitz&^T e o o°cmi8 o o°c 
vxTcr>i^x-mm^mt. mm,±. mta* 750 

x:t$) 2 0 WS b-thZbifiX^h, 
[0047] mz, Xf-'/TSl O^LJtidt, m 

[0 048] Xf 77S1 H^titJ:?^ tf' 

f^^y^'Jy^Mt'lCioT, (Ti ) 

Ml 8. fyfXr-y (W)I19. t(Au)!20 

[0049] JJUKOajStCj: 0 , *%HJ!^*«#:%3t« 

[00 50] ^H|c7)J^t^^v^T(i, Pfflll 

i: fc J: "5 . Ml**- 5 -y ? £ t h . 

-r -y T S 4 1& iUMffi« y > 7 ?flJKt4 . 8 0 0 °C 
I^UiT'&S^fcMtT. ^T77S6, S9, SlOC 
ts ft* ffiffia&ftti , V vtfft t> 8 0 0 iCJSTC* h . ^ 
-)T, H2fc*tfci-5fcn ffiKfiDTB A >- 7 £ % 
izfto Zblz£<0. pWG&tz&#l%i!M8M*nM-f& 

[00 5 1 ] itz. *fMB«OlHKFffifc:J:*Ur, pflK 
*£#RUt:»fc, ^f77S6, s l Oi / zti^xmjt 

i &<nmmn&xT--!v?tim-z. tcii pHii^- 

5 -y ? fifMHW*9SlKSr § tz&»t * Z b tfi?$ h . 

mmx*$>&« -t^hib. mmz. fcrnrnw^x-pmn 
mm^mfazm.mm-h t , ?m<o^mz «t t , 
ftsv^^^ (Mg) i^pi 
k -y n° y h ^stttt s t ^ 3 mmtpms ztix^ 

fc. znZott&fflcff&r&b. pM¥-mfocDT7 
-ty°7 m&UW&T-t htzhhlz, jj-- 5 -v 7 &m&siict 
&li-fX~fo^tz. 

[00 52] ZtitzttLX. *mmi*. Pl^lftlft 
iRiNi*^)±fc:, 4^\ pflM®i£ifMfU Ls&»4« 

MbtfM$mtf*mzs$mzti& z t fcaaut. zti 
Hugo t^o¥»ftJi b mmm t nrmziY&t&wum* 



So 

[ 0 0 5 3 ] 03{±. *%BB#3fii«ifi#L>t%**F«p 

itii !i<o«sssffiRptt*^^ ^ y mx-h h„ zz 

X\ pitili, fl 1 OO^m, raiS2 Oumb Ltz„ 

y^^b^KtLTSg (Ag) yK*^#tfS« 
j}Z.nW9A>X'5 0 0°C 1 O^tor— — ^^ifeLfcfg 
^•CfcS. r *^BJBj bmttz^cr,^ pfijto 

*LJt^O«4. pfflway?^ h^Jlt tTA (Au ) 

[0 0 54] H3*^. pIcoay^^htltLtl 

fifiiistcfiit^ii^^o r«^«{4. n 
[00 5 5] — H4<4. ifwmim^Ltz%%m 

^-<7> n ffittffiffl«*^«jE#tt £ *t ^ 5 7 0T"fc S . 
d-C\ nflim®4, Pb1P13 5 O^mt tit. H4tCt3 

(Hf ) £JBv\ AyTJifcLT^y^'f-y 
(W) SfflV^JlH 1 -?**. 4fc. r «»Jj k»tfe 
«><?5*i, pM^y7 7 b&mb LXTjU-iyA (A 
1 ) £fflV\ A'JTli: tTfi^ (Pt) &fflV^fc3RT 

[ o o 5 6 ] 04*^, *SEBBK«t*ur , ^*J; o fcte 

ziy?? bfSI/ZTJl-S.—rJj* ( A 1 ) £tzi3.i-?y (T 
[00 57] pimfzltnMizmt&ziy?? Hti&co 

tzXoiZ, I nA 1 GaNffcA 1 GaNIt^StC 
WMLtzWis.*?, InGaNltAlGaNl^M 

izmmttzmmbLx i>&^\ 

[00 58] InGaNtAlGaNll GaNCML 
XZft^1x5iMJjfacom&- : £±-f&cr)X', Zcr>£o%m 

mm&b^&b. mx.*mm-z>zbimi&b%z>« 

[ 0 0 5 9 ] tfz, 100 nmKTcOJI !*:<7)WkPfa3k¥ 

mwmx-\±m*^ u rmmm^mmm^xh o , 
(omzwm-t&b^ti^Rmttiz mizi n^A 1 $■ 

■^tfJBfcGaNJBfc^IBI) tc{4. pM^i-EtJ-CJS 
JSiOV^^v-^A (Mg) 254V^inS3f«!HrCftifl! 
«««^'jrjy (Si) #*tttt/WV*. pfJMffi^n 

wm® * mmmz , FjT5go»Ma & art t . t 

<ofltBffiafc*4iwiie<?5v^^A (p«> ^^'j 
(n«> h«ffi#a^^»^MJE?r*a^ t. ^r-s 
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[0060] ^utt. txcom 2mMBmizfflLTtm 
[ o o 6 i ] mz, ^mncr>m2<r)mmmm^v^x 

TBW*R«li**-^4. *HM^«lt*3^T{±. Pfl 
MMmtfMXL, ay9 7hm%?tZt-AzWm-Z>^k 

& sfoo jw^k o ft Lmmmm £ fx s . -r^*- . 
aflSftaMfqwwi , mmmifi 2. 6 7 mm t m^x it 

#^S6®fB!t<J:*i{£, P$Lny97hm<7)mm%?>ft 

So 

[ 0 0 6 3 ] ^wncr>m3<r)mmmm^^x 
mttz. H6{i. ^wn^m^ammmmizfrfrz. 
wmi'commm^m-mimxh^ . nm^wz 

[0064] ^flWMcOfBfc*? tt. UK 1 ^itLX 

[0 0 6 5] 4fc, *SSH9B8I«ciiVvc(i. p{IMffi, 
NfMffii: hlzyiiy? j y7'RcD& ( Au ) Ji^T'Sr— 

•C&&^>" (T i ) JSl S^vvfSffcfc&oT^S. 

[0066] tfc. pW^ffi^^-LT^jRoaj-tw 

SteHK. JBJS£J¥< 

[0067]^:, *HW<0flS4OiatOJBlifcoV^ 

[ 0 0 6 s ] g7(i *wmM4<nmmmm\zfyfr 
&wtm^wmmmzm-twtmx°fo&» raato^ 

i to {jy^M.mmm) frh%z>mm.wm23 



z pMmmvmmizmm Ltzmxhh . p§jj^-a- 

3-lt6t^t.*>f^^ISl±. -y^/l" (N 
i)I18' (Au ) JB2 Oti DJESRSftT^ 

So 

[0069] ^taBBJiitifuar. 1 To^ajg-ts^ 
fctci 0. *>"r * y^'«®;f*^$ix3t«^^ 1 to 
*»fe=Sr&aiB«S2 3^Jfrtmi^5fl*Ita£{f , pit 

[00 70] ioSftSUi, pfWBAKaWRTSK a 

[0071] 4t» -7^118' (1 ITOH^ 
&3Hjf»ffi2 3 £#LTtt*5§t£#&*Ft i * 0 . I TO 

i: ^ o rail* jBM-T-S - k 

[00 72 ] *Hlt^ffiti5UT{±. j§BJi*ffi2 3j&*£ 
(Au) ti«-«^UTfc UTf^ffli-ftfefe, &ri,t> 
fy-yx^y (W) W4ififSn±=flr< , HHt=«LfcJ: 
0 >y (Ni)118' ii(Au)f20 C7)^ 
T-mv\ iJtfi. # (Au) 20<?)*-X'i>&\\ {ML, 

anms2 3«ojK»^«tjEtT^'yrs^^(t-i. 

UTSt LT{±. ^V^'X^y (W) ttzlZ, S^: (P 
t ) i>mi,zmLX^&c\ktfttfr~?tz» -t^h-h. --y 

^Jii8' k^m2 0kcomi / z?yyxf-y (w) m 

ttzte&& ( P t ) JHSrlSttS t . &*>B«£SfcS«rtc 
PlihLT %7t*^ OfisStt SS^trtLhS-frSif:*^ 

i#i.<t>jajftfc, tu/fy (Mo) , f- 

(Ti) at/^y^/l- (Ta ) COlvftl^Sr^UT 
JB t L T m ^ T a^^rSSm^f £>*i& i i: *4h6» -> 

[00 73 ] *%Bg#i±, ^HJIffMtCfc^S I T08 

mmm 2 3 cdbs&tv -t^ t^v ^^■mt't 0 m l 

fzmm , ffi^T <^ ^S Tat ^ £ JLtt L 
Pl3^?btil 0—1 2^ffML, 7f<Sr--;> 

[0074] USE L£E2 &#S§ L^mW-tZ k . 4 
-f. **T— — ;PMaS6 4^(4S 1 OfiOf^fc. X/N°-y 

iToit &mmm§ t «f«sfijB»wtaca^4 - 

ki&rtip-^tz* £t>lz^ Z<7)T——Mzi. , I TOO 
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( N 2 ) *?T)V3> ( A r ) &£'cD?RStt#XtcMW 

mix- 5-i o%<vmm?t^£ittzm-m%*x\ 3 0 

0— 6 0 0°C, §A>tffl4t<{i3 0 0— 5 0 0°C^)tE 

;«i TOJB^r--;WflJK«i, mr^x^t^ LT 

[0 0 7 5] i^)T--;H*£<7)f£tC. 02^L7tJ; 
fm-&TMS7ttzteJMS 1 1 JHfif S .lisle J: 
[0076] *HMfMti5ftS I TO®!H«ffi2 3(C 

a A s ^C0±t;jfM^S I n G a A 1 P^^A 1 G a 
cr>±t,zmf&-t& InPl^InGaAs *3riT0>WB* 
I TOWEt«l***4AIMif: LT->y^£ffl 

tt£iBLL§-£&<ri:#T#&„ 

[0077] ifz. Ltc#HM*TT--/1' 
[0078] —m^mfh b. I n G a A 1 I n 

[0079]-*, *£g£BJIR0}3i3ft£«&2 3 fc LT 

So 

[0080] jjLh, Mm\zmmL^*wnc7)mm& 

[0081] #Ut£. nfflK?BfcOflKtk LTii. EpkL 

J\y-^M, (h f ) . f-^y (T i ) 
ar/PS— ?a (a i ) ^u-ftL^i^(±, itiA,^ 

j&»S>3r4Ai/TJl*SW\ *tf>±£, £ (Au) 

[ o o 8 2 ] $mm=?coffimh . mm. mem 



i: LT i & < , 4 ^ , tmm^7 5 •/ F iffcjBffi? 

wmmfov-'ftzwz^x h mmizmm txmmco 

[0 083] ifc, SRfcl/Oav t7r-f 

O, ScAlMgO,, LaSrGaO,, (LaSr) 
(A 1 Ta ) 0 3 5Srff<?MlfiiattaER^ SiC. Ga 
N, Si, GaAs&if<7)#mtt*&£>|S|«tfflVVC^ 

Tii. f7T^7M«ltA^ Fflvffl 

BSt*&^ t' t ± o ff < itA Lfc g a Nrnzmtfrbum 

[0084] 4fc. S c A 1 M g 0 4 SM<7)*«-^tCii:. 
(0001)®. (LaSr) (AlTa) O s lSffl 
t^im (111) H*fflV^4i4:3&qi*U^. 
[0085] £ *#|BH{i:p nfilMffii: CD 

HBii, j^-f LfcSaa^FtRS&Sit'f, fet (feiid 
effect transistor : l-WMl7>y.X^) =5: if ^45- 

[0086] 

[0 087] *5fiBBfcJ:nW, pMrjy^^hS 
tftMt-^^y^^h^i; LT. IB. Mb£ 

So 

[0088] *?fiH8t Jfltf , tf^nltfeV^ 

J»ti»«rt-*it3&^Si. -r&jbfe. tM*^'UTSi: 
LTfflV^fLTV^a^: ( P t ) to J: olz, *-?7? 

ffl u . SMra^miwffi jwbs»s*i. & . 

[0 089] *»BBfcJ:*tlf, i^iSfc^UT 
mbLXfyyxr-ymzm^&i^r&lzte. ay??h 
■zkMb LT . ±aL/iA7^'7A (Hf).fj'y(T 

i ) ^fcJiT^S^A (A 1 ) COV>-m*^fflV^J® 

[00 90 ] *«i<o»l*ffifcj:ii«, pII 
fi«MK5t/f-5t n HII^ L . x V ^-T S i fc 

S*MMSaia*±»)«>*V^Tft4. t-=5r^*>, nffll 
SScoffMt ^>^*5fetcfl3 i 1 1 J; 0 , PltSC 
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[ 0 0 9 1 ] 4fc, *»ffl<OIBft*ffifc:J:fur, pAK 

£ i: J: 0 , Pli^-?7? ffi*H>ft*3a££ § iz 
iWM- 4 £ fc **T & & . £ *Ui , SflSftaMNWfcfcBB L 

a tSfil L tliflti, S . £ co J: -5 , Mtv 
tt^H»"CT--A'*tltf-*&£tt . p ffllon > * ? 

[0 0 9 2] #JKJ!fcJ:*tff, P«4fcl4n«fc 

*3^T, InAl GaNlhAlGaNftiicSCt 
BL/trflfit^ I nGaNJSt A 1 GaN Mb 
WMLtzmkb-fhb. InGaNhAlGaNIl G 

btzh. &?z. o. i umj&Tnmznsfflanvmfc 
Area*** 'j raaw<^jfc&«wc& o . 8a»^)« 
im^-t^b^tihco^-mim (sti n^A 1 **tr 

BtGaNJfi;^) fcJ4, pM^UT^SaffiJgO 
(Mg) fc4V^lin^fWflr^2b4flfiME 
^'J3> (Si) ^W^. pfflm*>nflK 

BWjfifcjbiaauetfDv^v-^A < p ii > ^ u =» > 

[0093] £0>Rfc, »«IIS2iai0»»fcHtT«3* 

wa&i>tuii. z bizw&£mb i mfambcD5imzm 

[0 0 94] 4fc, *3&nHfc:J:*tfr, ay??hmftco 
4 . 4 , *ffico|iJffi5^S t> fMJP^-4 . § 6, , P «fc 
[0095] § «ftW(=±*Ur» I TOliCg 

[0 0 9 6] 4j£. £«j;-5 55r— ^driVMb^Mb^m 

[0097] *«BBt:J:*ur, I TO£*ttfltLft: 
i "5 , I TO^y- hffiK^ffiTS^. 
[0098] fiLhB&LfcJ: 3 fc. *S6Wfc±*Uf, f£ 



0 ^JgttfcBctFU RBSfcHUItt**« 

* , S*±co^ 'J v h tt^^T* «■ . 

[02] xminftftmTnwmjjm&mmzm-tyv 

[H3 ] *SMB#*«Kfrt3tli3l5«^P««Ki«« 
[04 ] *»B»*qKfftfe«3e*^)n««HI«« 
[05] #3&njjo$& 2 c7)H{fiO^SS^*^^^^0 

[06] *^HjcDig 3 crmtmmm ^Besg^-o 
[07 ] *wm%A<r>mm<mm^zfrfrhmmi-<r> 

[08 ] IftM^ftJI^/^*^!*^^ K 
««it£*H- «£b&»tW0T'S)-6 . 

1 t7r^f TM£ 

2 nMGaNil 

3 nlAlGaNny^^M 

4 nlGaN^y^? Nil 

5 nfflGaNJi 

6 plGaNl 

7 pIA 1 GaNrjy^^ hjf 

8 pII nGaNay^? bJf 

9 pIGaNny^^M 

10 mi <?)±mm 

11 m2co±mm 

1 2 ?y/xfy (w) a 

13 yn-y^Jl 

1 4 J\y—^A (Hf )i 
1 5 T^S— ^ A ( A 1 ) JI 

i 6 j\7—iyj± (h f ) m 

17 t (Au)l 

18 f^V (Ti ) I 

1 9 ^y/xfy (w) ji 

2 0 & ( Au ) m 

22 umm 

101 ■vyr^rmm 

102 nlGaNi 
106 pSGaNJf 
113 tegJl 

1 2 1 jt^ffi 

122 nflMffi 

123 #yf^7'-A" 7 H 
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[HI] [H2] 




[H3] 

[04] 




1 .2 
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mmmm m m ^ m m) wm t jh f i 
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F^— 4M104 AA04 BB02 BB05 BB08 BB13 
BB14 BB36 CC01 DD34 DD37 
DD79 FF17 GG04 HH15 
5F041 AA21 CA02 CA03 CA34 CA40 
CA46 CA83 CASS CA92 



